Penicillin-binding protein (PBP) 5 accounts for at least 70% of the penicillin bound by the vegetative membranes of Bacillus subtilis (4, 28) . It is the most abundant of the six vegetative PBPs and the smallest, with a calculated molecular mass of 45,494 daltons (29) . At least 95% of the D,Dcarboxypeptidase activity in B. subtilis can be attributed to this PBP, but the protein is not essential for vegetative growth (3) . The cells survive the complete inactivation of dacA, the structural gene for PBP 5, and there is no detectable change in the degree of cross-linking of the vegetative peptidoglycan (27, 29) . However, cells that lack PBP 5 do not form normal spores. The 10-fold reduction in heat resistance of the PBP 5-deficient spores implies a role for this major vegetative protein in formation of the cortex layer during sporulation (29) .
Genetic mapping. Although there is no selectable phenotype associated with the absence of the dacA gene product, it was possible to map the gene by taking advantage of a chloramphenicol resistance marker (cat'; 17, 29) that had been inserted either within the gene or adjacent to it (strain JT175 or JT2000, respectively; Table 1 ). Mapping was done initially by transduction with bacteriophage PBS1 (12, 23) , and the results were virtually the same with phage grown on either of these chloramphenicol-resistant (Cm') strains. Antibiotic resistance was determined on antibiotic medium 3 (Difco Laboratories, Detroit, Mich.) containing 5 jig of either chloramphenicol or novobiocin (Nv) per ml. It was found that dacA (Cmr) was 96 to 99% cotransducible with guaB ( Table 2 and Fig. 1 ). Subsequent transformational crosses (1) confirmed this very close linkage. The dacA (Cm') gene was 75% cotransferred with guaB (150 Gua+/200 Cmr), 13.6% cotransferred with gyrB (6 Nvs/44 Cmr), and 4.5% cotransferred with div-355 (9 Ts-/200 Cmr). This is the first of the PBP genes to be mapped in B. subtilis.
Interspecific studies of PBP 5. The chromosomal region around guaB, which maps near 0°on the 360°genetic map of B. subtilis (24) , is highly conserved among a number of species of Bacillus and contains primarily genes involved in such essential and complex growth processes as protein synthesis, cell division, and sporulation (9, 10, 13) . It is intriguing that dacA was located in this region, and it is Table 3 ). No other membrane proteins in any of the samples reacted with the antibody preparation, which confirms and extends an earlier report that anti-PBP 5 does not cross-react with any of the highermolecular-weight PBPs (7). In addition, the antibodies did not react at all with membranes from the B. subtilis mutant JT175, which cannot synthesize PBP 5 (data not shown). surprising in regard to B. sphaericus, which is taxonomically well removed from the B. subtilis group and has a chemically distinct vegetative peptidoglycan (18, 25) . Analyses of membranes from two different strains of B. megaterium, strain Texas (data not shown) and the type strain (Fig. 2) , gave the same negative result. This apparent absence of immunological relatedness between the major vegetative PBPs of B. megaterium and B. subtilis is consistent with at least one genetic study, which suggested that the region of the chromosome where dacA has now been mapped is less highly conserved between these two species than between members of the B. subtilis group (13) . It remains possible that there is some homology between the two PBPs that simply could not be detected by this approach.
Given the negative results with B. megaterium, it was not expected that the anti-PBP 5 antibodies would cross-react with the corresponding PBP from the more distantly related B. cereus. Nevertheless, a positive reaction on immunoblots was obtained with membrane samples from two different strains of this organism, strain T (data not shown) and the type strain (Fig. 2) . One possible explanation is that B. cereus acquired the dacA gene from B. subtilis after the two species evolved.
Although there is obviously immunological relatedness among the major PBPs from some species of Bacillus, we do not yet know the actual extent of the homology. Immunological cross-reactivity is reportedly only detectable with polyclonal serum when there is at least 70 to 80%to homology in the primary structures of the proteins (15) , but it could be that these species share a single immunodominant region or a few highly antigenic regions, which constitute only a small fraction of the whole protein (2) . This latter possibility appears to be the best explanation for the cross-reactivity between antibody raised against PBP la of Streptococcus pneumoniae and PBP 2 of Streptococcus pyogenes (16) . 
ADDENDUM
Shortly after the genetic studies were begun, we learned about physical mapping data that indicated a 238-kb genomic fragment spanning the region between spoOJ and spoOH very likely included dacA (24a).
